The sensitivities of gonococcal isolates to six antibiotics were determined for gonococci isolated in Philadelphia in 1972. The degree of association between susceptibilities to any two antibiotics was determined (coefficient of correlation). The correlation between penicillin and tetracycline (r = 0.75) was almost as good as that between two penicillins, penicillin G and ampicillin (r = 0.85), but the difference was statistically significant. The lowest correlation found was between erythromycin and chloramphenicol (r = 0.62), two antibiotics seldom used in gonorrhea therapy. In addition, gonococci most resistant to one antibiotic were the most likely to be multiply resistant. This was found with respect to penicillin, tetracycline, erythromycin, and chloramphenicol. Approximately 40% of gonococci classified as "most resistant" (exceeding the resistance of 75% of all isolates) to one antibiotic were also "most resistant" to three others. Finally, multiply resistant mutants were isolated by selection for resistance to either penicillin or tetracycline. These results provide evidence for the existence of a common mechanism for multiple antibiotic resistance in the gonococcus.
In 1961, Reyn reported that gonoccal isolates resistant to penicillin were likely to be resistant to tetracycline and streptomycin (8) . Since then, other workers have found that gonococcal isolates resistant to penicillin also tended to be resistant to erythromycin (10) , chloramphenicol (1), fusidic acid (10) , and rifampin (7), as well as some nonantibiotics, acridine orange and ethidium bromide (6) .
The emergence of a class of gonococci refractive to treatment by a number of antimicrobial agents poses a potentially grave problem. Nevertheless, there have been few studies quantitating the incidence of multiple antibioticresistant gonococci in this country (12, 13) . Furthermore, the underlying basis for multiple resistance has not been established.
In this study, we sought to determine to what extent gonococci isolated in Philadelphia in 1972 were multiply resistant. The antibiotics tested in this study were penicillin, ampicillin, tetracycline, erythromycin, chloramphenicol, and streptomycin. In addition, multiply resistant mutants were isolated by selection for resistance to either penicillin or tetracycline. This provided evidence for the existence of a common mechanism for multiple antibiotic resistance in the gonococcus.
MATERIALS AND METHODS
Procedures used for cultivation of Neisseria gonorrhoeae and for disk susceptibility testing were those described previously (5) . Gonococcal isolates were selected at random and tested for antibiotic susceptibility. For all of the antibiotics, the isolates tested covered the full range of susceptibility observed at the Philadelphia Health Laboratory. The plates containing higher concentrations. The process was then repeated. Finally, the antibiotic-resistant gonococci were streaked twice for isolation and the final MIC of the resulting mutant strain was determined.
RESULTS
Incidence of multiple resistance. One hundred and twenty-five gonococcal isolates were chosen at random and tested for susceptibility to penicillin and ampicillin. The results of these tests were plotted on a scatter graph (Fig. 1) . Susceptibilities to the two antibiotics were highly correlated (r = 0.85). These 125 isolates were also tested for high-level resistance to streptomycin (1,000 ,tg/ml). Sixty-nine percent (86,425) were resistant at this level. We now wanted to determine whether gonococcal isolates with increased resistance to penicillin and ampicillin were more likely to be resistant to streptomycin. For this purpose, the 125 isolated were subdivided into six groups on the basis of disk susceptibility. As can be seen in Table 2 , gonococci with increased resistance to penicillin or ampicillin were more likely to be resistant to streptomycin.
Another group of gonococcal isolates (totalling 124), collected one month after the first group, was tested for susceptibility to penicillin, tetracycline, erythromycin, and chloramphenicol. The susceptibilities obtained for each of the six possible pairs of antibiotics were plotted on scatter graphs (Fig. 2 to 7 ). The coefficient of correlation between penicillin and tetracycline susceptibility was 0.75 (Fig. 2) . A similarly high correlation (r = 0.72) was found between tetracycline and chloramphenicol susceptibility (Fig. 3) . For the remaining four pairs of antibiotics, positive correlations between 0.62 and 0.68 were observed. All six correlation coefficients were highly significant (P < 0.01).
The above data show that increased resistance to one antibiotic is likely to be associated with increased resistance to another antibiotic. (Fig. 8) . For example, as seen in Fig. 8 , the resistance of strain 235 to penicillin increased 32-fold in nine selective steps to a final MIC of 6.4 ,g/ml. The results of selection for increased resistance to tetracycline are shown for eight different isolates (Fig. 9) .
The mutants selected for increased resistance
to penicillin or tetracycline were tested for resistance to other antibiotics. As shown in Table 5 , all of the penicillin-resistant mutants exhibited increased resistance to tetracycline, erythromycin and chloramphenicol, as compared to the corresponding parents.
The cross-resistance patterns of the eight mutants selected for increased resistance to tetracycline are shown in Table 6 . Most of the tetracycline-resistant mutants were also more resistant to penicillin, erythromycin, and chloramphenicol. Of the eight mutants, six were resistant to erythromycin, and five were more resistant to penicillin and chloramphenicol. For six of the eight strains, the susceptibility to streptomycin was determined. Strains 41 and 318, which exhibited no cross-resistance, ini- ( Fig. 2 to 7 ) for gonococci isolated a year later are in excellent agreement with the results of those authors. Since penicillin and ampicillin have the same mode of action and almost identical chemical structures, it is interesting to compare the correlation coefficient between these two antibiotics with the correlation coefficients between other pairs of antibiotics. The correlation coefficient between penicillin and tetracycline (0.75) and between tetracycline and chloramphenicol (0.72) were almost as good as that between penicillin and ampicillin (0.85), but the difference was statistically significant (P < 0.01). The lowest correlation coefficient found was between two antibiotics seldom used in gonorrhea therapy, erythromycin and chloramphenicol (0.62).
Reyn and Bentzon, in 1969, reported that gonococci which were most penicillin resistant were the most likely to be multiply resistant (10) . The additional antibiotics which they tested were tetracycline, spiramycin, and streptomycin. It was of interest to measure the tendency toward multiple antibiotic resistance for gonococcal strains isolated recently in the United States, especially since resistance to penicillin has increased since that time. With respect to penicillin, tetracycline, erythromycin, and chloramphenicol, we found that gonococci most resistant to one antibiotic were the most likely to be multiply resistant (Tables 3  and 4 ). Almost 40% of gonococci classified as "most resistant" (i.e., exceeding the resistance of 75% of all isolates) to one antibiotic were also "most resistant" to three others. It will be interesting to measure this tendency toward multiple antibiotic resistance at a later time. The treatment schedules recommended since these isolates were tested employ higher doses of penicillin and tetracycline, and the effect of these larger doses on the incidence of multiple antibiotic-resistant gonococci is not known.
Despite the potential clinical importance of multiply antibiotic-resistant gonococci, few studies have investigated the underlying basis for multiple resistance. The hypotheses which have been suggested include (i) the independent, sequential acquisition of resistance to different antibiotics; (ii) simultaneous acquisition of cross-resistance as a consequence of selection for resistance to one antibiotic which is mediated by a pleiotrophic mechanism, e.g., permeability; and (iii) transfer of multiple resistance by a plasmid.
By a multi-step selection of resistance to either penicillin or tetracycline, we have obtained stable multiply resistant mutants (Tables 5 and 6) with sufficiently high resistance to pose a problem in treatment by the currently recommended treatment schedules (2) . These findings lend support to the second hypothesis, and are in general agreement with those of Reyn and Bentzon (9, 10) and the recent report of Maness and Sparling (6) .
